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ARTICLE INFO ABSTRACT

Keywords: This systematic review investigates the impact of renewable energy microgrids on alleviating energy poverty and
microgrids enhancing socio-economic outcomes in underserved communities. The study addresses the critical challenge of
energy poverty energy access, examining how small-scale renewable energy systems integrated with microgrids can serve as a

renewable energy

inable solution. Usin, ructured methodol he revi nthesi idence from vari i
sustainable development goals (SDGs) sustainable solution. Using a structured methodology, the review synthesizes evidence from various studies to

provide insights into the multifaceted implications of microgrid adoption. The key findings indicate that
renewable energy microgrids significantly contribute to socio-economic development by improving livelihoods,
economic growth, and enhancing food security, health, and education. The review also highlights economic
assessments affirming the cost-effectiveness of these systems and the environmental benefits they offer, such as
reduced emissions of greenhouse gases. However, the study also identifies challenges, including high initial
capital costs, operational complexities, and regulatory barriers. The conclusions drawn from this review un-
derscore the necessity for innovative financing solutions, supportive policy frameworks, and community
engagement strategies to overcome these challenges. The alignment of microgrid solutions with the Sustainable
Development Goals (SDGs) further demonstrates their potential to drive broader sustainable development

objectives.
1. Introduction by the high expansion costs associated with traditional systems and the
energy losses in transmission and distribution networks (Deng and Lv,
The energy needs of industrial production in various sectors and 2020; Lund et al., 2015; Nwaigwe et al., 2019). Furthermore, Deng and
communities face a common challenge: the significant emission of Lv (2020) highlighted that power system planning must evolve to handle
greenhouse gases (GHGs) from power plants. This issue is compounded increasing variable renewable energy sources, suggesting that
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optimization models can address current inefficiencies. Lund et al.
(2015) further accentuate the necessity for energy system flexibility
measures that accommodate high levels of variable renewable elec-
tricity, while Nwaigwe et al. (2019) focus on the integration challenges
of photovoltaic (PV) systems into electricity grids, identifying power
losses as a critical barrier. These factors underscore the urgent need to
reform the current energy landscape in alignment with Sustainable
Development Goal 7 (SDG7), which aims to ensure universal access to
affordable and stable electricity while addressing environmental and
economic challenges (Jaccard et al., 1997).

As an innovative response to these challenges, the integration of
small-scale renewable energy microgrids emerges as a compelling so-
lution, particularly in the context of SDG7, which emphasizes "Afford-
able and Clean Energy" (Madurai Elavarasan et al., 2021; Mendes et al.,
2011; Warneryd et al., 2020). According to Madurai Elavarasan et al.
(2021), microgrids hold significant potential in advancing energy sus-
tainability and resilience in a post-COVID-19 world. Mendes et al.
(2011) provide a comprehensive survey of available tools for the plan-
ning and analysis of Integrated Community Energy Systems, indicating
that microgrids can mitigate global warming impacts while promoting
energy access and sustainability. However, Warneryd et al. (2020)
elucidate the institutional roles vital for microgrid development, which
include legislative incentives and robust governance structures. This
evolving technology also poses its complexities, including high capital
costs, concerns about operational stability, uncertainties, and intricate
management and maintenance demands (Ali Dashtaki et al., 2023;
Elkadeem et al., 2021; Montoya-Duque et al., 2022).

The transition from traditional energy resources to distributed gen-
eration facilitated by microgrids results in cleaner energy and signifi-
cantly reduced transmission and distribution losses (Hirsch et al., 2018;
Saeed et al., 2021). Moreover, Aga et al. (2023) emphasize that hybrid
renewable energy-based off-grid technology can provide sustainable
electrification solutions for rural communities. Hirsch et al. (2018) offer
a detailed review of microgrid technologies, key drivers, and
outstanding issues, acknowledging that the shift towards distributed
generation alleviates energy losses and fosters technological advance-
ment and sustainability. A related study by Saeed et al. (2021) discusses
the challenges and perspectives in microgrid deployment, underscoring
microgrids’ role in offering relief from high fuel prices and providing a
viable alternative as fossil fuel reserves wane. Chen et al. (2021) argues
for the versatility of microgrids in modern power systems, emphasizing
their ability to operate connected to the grid and in isolation, which is
crucial for their integration into modern power structures. The versa-
tility of microgrids, which can operate both connected to the grid- and in
isolation, highlights their importance in modern power systems (Chen
et al., 2021; D et al., 2023; Rizvi and Abu-Siada, 2023; Vaahedi et al.,
2020). Successful integration requires alignment of institutional and
governance structures to support microgrid adoption. Legislative in-
centives and strong institutions create an enabling environment for the
transition to clean energy and encourage the adoption of microgrids.
This strategic support ensures a smooth transformation in the state’s
energy system, allowing microgrids to enter without threatening the
existing utility-dominated electricity system (Ajaz and Bernell, 2021).

The adoption and scalability of microgrids also require careful
consideration of institutional and governance structures. Ajaz and Ber-
nell (2021) illustrate how legislative incentives and strong institutions
create an enabling environment for the transition to clean energy,
ensuring microgrids do not disrupt the existing utility-dominated elec-
tricity system. In this context, aligning institutional frameworks to
support microgrid adoption is essential, facilitating a smooth trans-
formation in the state’s energy infrastructure.

Despite the significant benefits of microgrids over conventional
grids, such as enhanced reliability, environmental sustainability, and
cost-effectiveness, inherent challenges persist (Shahzad et al., 2023).
Shahzad et al. (2023) highlight these challenges, which range from high
initial capital investments to technical complexities and regulatory
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nuances. Akinyele et al. (2018) utilize the STEEP model to analyze these
challenges in remote communities, pointing out the socio-technical
barriers that must be addressed. Chatterjee et al. (2019) review the
research insights necessary for developing remote, off-grid microgrids in
developing countries, identifying strategies to overcome these barriers.
Monagas and Corral (2022) explore the socio-technical challenges in
exporting Western renewable energy microgrids to African islands,
emphasizing the need for context-specific solutions.

This systematic review aims to provide a comprehensive under-
standing of microgrid development by uncovering barriers and offering
insights into the strategies and technologies necessary for successful
navigation. It seeks to contribute to strategic policy decision-making and
resource allocation by highlighting the potential of microgrids in the
transition towards green energy (Naji Alhasnawi et al., 2020; Salkuti,
2022). Naji Alhasnawi et al. (2020) propose a robust energy manage-
ment strategy for hybrid microgrid systems, emphasizing green energy
integration. Similarly, Salkuti (2022) discusses advanced green energy
technologies for a sustainable and resilient future grid, underscoring the
importance of microgrids in achieving sustainable development goals.

With this objective in mind, the following research questions are
formulated: (1) What socio-economic outcomes can be attributed to
implementing small-scale renewable energy microgrids, and how do
these outcomes align with the Sustainable Development Goals (SDGs)?
(2) What are the potential barriers and challenges associated with the
adoption and scalability of small-scale renewable energy microgrids,
and how can policy frameworks, technological innovations, and social
and environmental solutions be tailored to overcome these obstacles?

This systematic review makes several significant contributions. First,
it delves deep into the socio-economic outcomes and examines their
alignment with the SDGs. Second, it provides insights into digital tech-
nologies’ role in enhancing agri-food supply chain resilience. Third, it
demonstrates how stakeholders can effectively utilize small-scale
renewable energy microgrids by integrating policy measures, techno-
logical progress, social engagement, and environmental principles. This
approach promotes sustainable development, improves community
resilience, and improves livelihoods.

The paper is structured as follows: Section 1, Introduction, provides a
background on the current energy landscape challenges and the poten-
tial of renewable energy microgrids. Section 2, Methodology, outlines
the systematic review approach, including the literature search strategy,
inclusion and exclusion criteria, and data extraction processes. Section
3, Results and Analysis, presents the findings of the review, categorized
into socio-economic outcomes, energy poverty impacts, and their
alignment with Sustainable Development Goals. Section 4, Discussion,
discusses the socio-economic and environmental implications and ex-
plores potential barriers and solutions for microgrid adoption. Finally,
Section 5, Conclusion and Policy Recommendations, summarizes the
study’s key insights and offers policy recommendations and research
directions for enhancing the deployment and impact of microgrids.

2. Methodology

This systematic literature review follows a structured methodology
to assess the impact of small-scale renewable energy microgrids on en-
ergy poverty and socio-economic outcomes. The review aims to syn-
thesize existing literature and provide insights into the multifaceted
implications of microgrid adoption. A systematic literature review is a
research approach that investigates, selects, and evaluates all pertinent
empirical information on a specific subject (Bearman et al., 2012; Krnic
Martinic et al., 2019; Pollock & Berge, 2018).

The systematic literature reviews adhered to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) protocol,
which outlines criteria for identifying, screening, and including relevant
records. PRISMA is an evidence-based framework that ensures the
comprehensiveness, transparency, and scientific integrity of systematic
reviews and meta-analyses (Moher et al., 2015). The PRISMA flow



P. Tamasiga et al.

diagram guided the search procedure, and the steps were organized
under data collection and analysis, as detailed in the subsequent sections
(see Fig. 1).

2.1. Literature search strategy

We conducted systematic literature using Scopus and Web of Science
databases. The data was first retrieved on 08.12.2023, and an update
was made on 17.01.2024. The search utilized a combination of key-
words and phrases, such as "microgrids," "renewable energy," "energy
poverty," and "socio-economic outcomes,". The search was further
refined by applying inclusion and exclusion criteria to ensure the rele-
vance and quality of the selected studies (see Table 1).

For this systematic review, we used a two-phase screening approach.
In the initial phase, titles, keywords, and abstracts were evaluated to
determine compatibility with the eligibility criteria. In the second phase,
full-text articles deemed potentially relevant were carefully examined,
and irrelevant articles were excluded from the search results.

"o

2.2. Inclusion and exclusion criteria

Table 1 outlines the eligibility criteria for the studies included in the
systematic review. It describes the logical search query formulated for
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the Scopus and Web of Science (WoS) databases, as well as the inclusion
and exclusion criteria applied to ensure the relevance and quality of the
selected studies.

For the Scopus database, the search query includes a comprehensive
set of keywords and logical operators targeting studies related to Africa
or Sub-Saharan Africa. It focuses on various aspects of energy, including
electricity, electrification, access, connection, microgrids, grids, off-grid
electricity, solar, photovoltaic, wind, hydro, renewables, and low-
carbon energy. The query also covers energy issues such as energy
poverty, consumption, access, electricity access, supply, and demand,
alongside socio-economic factors like income, expenditure, revenue,
profit, production, economy, capital, assets, employment, jobs, labor,
education, school, inequality, poverty, and welfare. The WoS search
query follows a similar structure, ensuring that a wide range of relevant
studies are captured in both databases.

The inclusion criteria specify that only documents written in English
and containing the specified keywords are considered for the review.
This ensures consistency and comprehensibility in the review process
while maintaining relevance to the topic of renewable energy microgrids
and their impacts on energy poverty and socio-economic outcomes.
Conversely, the exclusion criteria rule out documents not written in
English and those not containing the specified keywords, ensuring that
only pertinent studies are included in the analysis.

Records identified from*:
Google Scholar (n = 899)
Web of Science (n = 992)
Total (n= 1891)

A4

Records screened
(n=1297)

A4

Reports sought for retrieval
(n =1297)

Reports assessed for eligibility
(n =1297)

Studies included in review
(n=1297)

Records removed before
screening:
Duplicate records removed
(n=584)
Records not in english (n =
10)

Records excluded**
(n=0)

Reports not retrieved
(n=0)

Fig. 1. PRISMA flow chart of the systematic review.

4477



P. Tamasiga et al.

Table 1
Inclusion and Exclusion Criteria.

Criteria

TITLE-ABS-KEY ((Africa* OR "Sub-Saharan Africa") AND
(electricity OR electrification) AND (access OR connect* OR
"microgrid" OR "grid" OR "off-grid electricity" OR solar* OR
photovoltaic OR wind OR hydro OR renewable* OR "low
carbon energy") AND ("energy poverty" OR "energy
consumption" OR "energy access" OR "electricity access" OR
"energy supply” OR "energy demand") AND (income* OR
expenditure OR revenue OR profit OR produc* OR econom*
OR capital OR assets OR employ* OR job* OR labor OR
labour OR work* OR educat* OR school* OR inequality OR
poor OR rich OR low-income OR high-income OR poverty

Logical Statement
Scopus

OR welfare))
Logical Statement TS= ((africa* OR "Sub-Saharan Africa") AND (electricity OR
WoS electrification) AND (access OR connect* OR "micro grid" OR

"grid" OR "off-grid electricity" OR solar* OR photovoltaic OR
wind OR hydro OR renewable* OR "low carbon energy")
AND ("energy poverty" OR "energy consumption" OR "energy
access" OR "electricity access" OR "energy supply" OR
"energy demand") AND (income* OR expenditure OR
revenue OR profit OR produc* OR econom* OR capital OR
assets OR employ* OR job* OR labor OR labour OR work*
OR educat* OR school* OR inequality OR poor OR rich OR
low-income OR high-income OR poverty OR welfare))

Inclusion 1. Document written in English.

2. Document containing the keywords
Exclusion 1. Documents not written in English.

2. Documents not containing the keywords

Source: Authors elaboration

2.3. Data extraction

Data extraction involved a systematic approach to scrutinizing the
selected studies, ensuring the consistent capture of essential elements for
subsequent analysis. Key data points included study objectives, micro-
grid characteristics, energy poverty metrics, socio-economic outcomes
measured, and key findings. The extraction process began with a search
in the Web of Science (WoS) and Scopus databases, using the search
queries specified in Table 1. These queries focused on relevant keywords
related to renewable energy microgrids, energy poverty, and socio-
economic outcomes. After retrieving the data, the datasets from WoS
and Scopus were merged. An automated script in R was developed to
identify and remove duplicate entries, ensuring that each study was
represented only once in the final dataset.

Following the removal of duplicates, a manual review of the titles,
abstracts, and keywords was performed to ensure the relevance and
inclusion of papers according to the predefined criteria shown in
Table 1. This step involved carefully evaluating each study to verify its
alignment with the research objectives and inclusion criteria. The
manual review ensured that only relevant studies were included in the
analysis. Leveraging manual and automated methods ensures a rigorous
extraction of key information from the selected literature.

2.4. Software applications used in the systematic review

We employed robust data management and analysis tools to sys-
tematically analyze the impact of renewable energy microgrids on socio-
economic outcomes and energy poverty. The Biblioshiny online user
interface (Aria and Cuccurullo, 2017) and R-Studio were used to merge
and manage datasets from Scopus and Web of Science (WoS) databases.

3. Results and analysis

This subsection provides a detailed summary of the descriptive sta-
tistics from the included studies. It highlights essential metrics such as
the timespan of the publications, annual growth rate, document types,
authorship patterns, and keyword trends. This foundational analysis sets
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the stage for understanding the breadth and depth of research in
renewable energy microgrids. An overview of the socio-economic out-
comes and impacts on energy poverty alongside the relevant SDGs fol-
lows this.

3.1. Descriptive statistics

Table 2 summarizes the data sourced from Scopus, Web of Science
(WoS), encompassing a merged dataset. The WoS database includes
documents from 1998 to 2024, while Scopus covers documents from
1986 to 2024. After removing duplicates and documents not written in
English, the merged dataset, comprised 1297 documents, which is an
extensive pool compared to Scopus (883) and WoS (990). This indicates
that the merged data set presents more extensive publications.

The annual growth rates of the datasets further highlight that Scopus
and WoS have growth rates of 5.62 % and 5.48 %, respectively, while
the merged dataset shows an accelerated growth rate of 6.25 %. The
average age of documents in Scopus is 6.46 years, slightly above the five
years and 5.79 years in WoS and the merged dataset, respectively. The
average citations per document stand at 19.78 for Scopus, 25.84 for
WoS, and 22.43 for the merged dataset, suggesting that documents in
WoS are cited more frequently on average.

Regarding authorship, Scopus lists 2369 authors, WoS 2693, and the
merged dataset 3235, which reflects a broader collaborative network.
Single-authored documents in Scopus and WoS are 170 and 131,

Table 2
Main information of the Scopus, Wos, and Merged Data sets of the included
studies.

Scopus WoSs Merged Data

Set
MAIN INFORMATION ABOUT
DATA
Timespan 1986;2024  1998;2024  1986;2024
Sources (Journals, Books, etc) 389 298 486
Documents 883 990 1297
Annual Growth Rat% 5,62 5,48 6,25
Document Average Age 6,46 5 5,79
Average citations per doc 19,78 25,84 22,43
References 1 1 1
DOCUMENT CONTENTS
Keywords Plus (ID) 4176 1377 3021
Author’s Keywords (DE) 2170 2478 2949
AUTHORS
Authors 2369 2693 3235
Authors of single-authored docs 148 122 196
AUTHORS COLLABORATION
Single-authored docs 170 131 221
Co-Authors per Doc 3,26 3,42 3,29
International co-authorships % 37,94 44,34 33,77
DOCUMENT TYPES
article 564 748 894
article article 3 3
article book chapter 1 1
article conference paper 2 2
article review 1 1
article; data paper 3 3
article; early access 19 19
article; proceedings paper 11 11
book 9 9
book chapter 59 52
book chapter article 1 1
conference paper 150 70
data paper 3 1
editorial 1 1
editorial material 5 5
note 3 2
proceedings paper 92 92
review 84 110 128
review; early access 2 2
Short survey 2

Source: Authors elaboration
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respectively, whereas the merged dataset records 221. The average
number of co-authors per document is close across all datasets, with
Scopus at 3.26, WoS at 3.42, and the merged at 3.29. However, inter-
national co-authorships are slightly lower in the merged dataset at
33.77 %, compared to Scopus’s 37.94 % and WoS’s 44.34 %. The
merged dataset is also more diversified in document types, including
many articles, book chapters, conference papers, reviews, and more.
This reflects a broader inclusion of various research outputs, making it
more representative and comprehensive.

3.2. Summary of socio-economic outcomes, energy poverty, and relevant
studies

Table 3 provides a detailed look at the impacts of renewable energy
microgrids on energy poverty and socio-economic outcomes. It likely
showcases a significant improvement in energy access, with numerous
communities gaining consistent and affordable electricity, which, in
turn, enhances their overall quality of life. Economically, the data would
reflect improved income levels, job creation, and more significant eco-
nomic activities in regions with microgrids. The initial capital in-
vestments, although high, are mitigated by long-term operational
savings and efficiency.

Furthermore, Table 3 includes critical environmental benefits,
particularly in reducing greenhouse gas emissions due to the shift from
fossil fuels to renewable energy sources. On the socio-economic front,
improved energy access translates into better educational opportunities
and healthcare services, driving broader socio-economic development.

The table notes challenges related to high upfront costs, technical
and operational complexities, and regulatory barriers. Nevertheless,
supportive policy frameworks and strong institutional structures are
highlighted as essential for overcoming these hurdles and ensuring the
successful adoption of microgrids.

In essence, Table 3 underscores the transformative potential of
renewable energy microgrids in combating energy poverty, fostering
sustainable development, and achieving several Sustainable Develop-
ment Goals (SDGs). It calls for innovative financing mechanisms and
robust policies to support large-scale implementation and scalability,
ensuring long-term socio-economic and environmental benefits.

4. Discussion

This section provides a discussion based on the content analysis of a
diverse set of journal articles focused on the impact of carbon pricing on
energy poverty and socio-economic outcomes. The discussion aims to
answer the research questions of this systematic review (see sub-Sec-
tions 4.1 — 4.2)

4.1. Socio-economic outcomes attributed to the implementation of small-
scale renewable energy microgrids, and alignment with the Sustainable
Development Goals (SDGs)

4.1.1. Social Outcomes

Renewable energy solutions, exemplified by solar microgrids, are
important in advancing multiple Sustainable Development Goals
(SDGs). Renewable energy, especially solar microgrids, enhances food
security in indigenous communities and rural areas by facilitating
agricultural processes and storage. Additionally, these solutions support
SDG 3 by indirectly mitigating waterborne diseases and fostering overall
health by facilitating access to clean water and energy.

Fathoni et al., (2021) examine community-based renewable projects
in Sumba Island, Indonesia, highlighting the socio-political dynamics
influencing energy justice. Their study emphasizes the need to address
the apolitical framing and centralized mentality to avoid perpetuating
exclusions and inequalities in rural energy provision. Fathoni et al.,
(2021) examine community-based renewable projects, aligning with
SDG 7, emphasizing affordable and clean energy access while addressing
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Table 3
Summary of socio-economic outcomes and impacts on energy poverty.
Outcome Dimensions/ Studies examining the Associated
Category outcome SDGs
Social Poverty and (Ahlborg and Sjostedt, SDG 7:
Outcomes livelihoods 2015; Cloke et al., 2017;  Affordable and

Impact on food
security

Jobs and
employment

Inequality and
distributional
impacts

Health

Education

Emmanouil et al., 2021;
Jha et al., 2016; A.
Kumar et al., 2019;
Singh and Balachandra,
2019; Wirawan and
Gultom, 2021; Yadoo
and Cruickshank, 2012)
(Chamberlin et al.,
2021; Farthing et al.,
2023; Granit, 2022; Her
et al., 2021; Ibrik, 2020)

(Hassan et al., 2022)

(Fathoni et al., 2021;
Hakimi et al., 2020;
Karimi and Kazerani,
2017; Wu et al., 2021)

(Ayodele et al., 2021;
Hirwa et al., 2023;
Kiehbadroudinezhad
et al., 2022, 2023)

(Akindeji et al., 2019;
Alshehri et al., 2023)

Clean Energy
SDG 8: Decent
Work and
Economic
Growth

SDG 13:
Climate Action
SDG 2: Zero
Hunger

SDG 6: Clean
Water and
Sanitation
SDG 7:
Affordable and
Clean Energy
SDG 8: Decent
Work and
Economic
Growth

SDG 9:
Industry,
Innovation,
and
Infrastructure
SDG 11:
Sustainable
Cities and
Communities
SDG 7:
Affordable and
Clean Energy
SDG 10:
Reduced
Inequalities
SDG 11:
Sustainable
Cities and
Communities
SDG 12:
Responsible
Consumption
and Production
SDG 13:
Climate Action
SDG 9:
Industry,
Innovation,
and
Infrastructure
SDG 6: Clean
Water and
Sanitation
SDG 7:
Affordable and
Clean Energy
SDG 3: Good
Health and
Well-being
SDG 7:
Affordable and
Clean Energy
SDG 9:
Industry,
Innovation,
and
Infrastructure
SDG 11:
Sustainable
Cities and
Communities

(continued on next page)
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Table 3 (continued)

Outcome Dimensions/ Studies examining the Associated
Category outcome SDGs
SDG 13:
Climate Action
Economic Impact on firm (Williams et al., 2015) SDG 9:
Outcomes productivity Industry,
Innovation,
and
Infrastructure
Investment (Farzan et al., 2013; Hau SDG 9:
outcomes et al., 2018; Husein and Industry,
Chung, 2018; Wang Innovation,
et al., 2020, 2020) and
Infrastructure
SDG 8: Decent
Work and
Economic
Growth
Costs (Adefarati et al., 2017; SDG 7:
Adefarati and Bansal, Affordable and
2017, 2019b, 2019a; Clean Energy
Alipour et al., 2019; SDG 3: Good
Anderson et al., 2022; Health and
Haghi et al., 2018; Well-being
Huang and Abedinia, SDG 8: Decent
2021; Parag and Work and
Ainspan, 2019) Economic
Growth
SDG 9:
Industry,
Innovation,
and
Infrastructure
Environmental Water (Astolfi et al., 2017; SDG 15: Life on
Outcomes Granit, 2022; Jalilian Land
et al., 2022; Climate Action
Kiehbadroudinezhad (SDG 13):
et al.,, 2022, 2023;
Shoeb and Shafiullah,
2018; Valencia et al.,
2021)
Carbon (Dawood et al., 2020; Fu SDG 15: Life on
emissions et al.,, n.d.; Heydari Land
et al., 2019; Iacobucci Climate Action
et al., 2019; Li et al., (SDG 13):
2016; Nazir et al., 2014;
Rezvani et al., 2015;
Sarwar et al., 2022)
Energy Poverty Access & (Henry et al., 2021; SDG 7:
Affordability Kuffar, 2020; N. M. Affordable and
Stability of Kumar, Chopra, Chand, Clean Energy
electricity et al., 2020; Magbool SDG 10:
et al., 2020; Valencia Reduced
etal, 2021; Yadavetal.,,  Inequalities
2019) SDG 11:
Sustainable
Cities and
Communities

Source: Authors elaboration

socio-political dynamics to reduce inequalities (SDG 10). Focusing on
welfare, a study by Wu et al., (2021) introduced a "physical-transac-
tional" scheme for active distribution networks (ADNs) with distributed
renewable resources and microgrids. By integrating supply-demand ra-
tios into dynamic price mechanisms, their study confirmed significantly
enhanced renewable energy consumption, sharing, and overall social
welfare. Additionally, Karimi and Kazerani, (2017) explored demand
response management’s role in enhancing social welfare in remote
communities with isolated microgrids by integrating renewable energy.
Exploration of demand response management in remote microgrids
contributes to SDG 7 and SDG 13, aiming for affordable clean energy and
climate action. Qiao et al., (2017) addressed challenges in microgrid
energy management due to the intermittent nature of renewable sour-
ces. Microgrids sometimes buy extra energy to balance supply and
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demand, which can be costly. Their results showed that microgrids save
money and improve overall social welfare. Enhancing the demand
response capabilities in smart grids (SGs) with high renewable energy
(RE) penetration was investigated by Hakimi et al., (2020). Their study
introduces a novel method considering RE production and load condi-
tions, particularly for domestic controllable loads (DCLs). This approach
effectively increased consumption flexibility and RE integration,
benefiting consumers’ welfare. Hakimi et al., (2020)’s novel method for
demand response in smart grids integrates SDG 7, SDG 9, and SDG 13 by
enhancing renewable energy integration, consumption flexibility, and
overall consumer welfare.

Ayodele et al., (2021) proposed an off-grid renewable energy system
for a health clinic in a South African village, addressing the region’s
energy deficiency for modern healthcare. Utilizing solar PV, wind tur-
bines, and hydrogen storage, their study showed that the off-grid system
meets the clinic’s energy needs, thereby improving the reliability of
rural healthcare delivery. Ayodele et al., (2021)’s proposal for an
off-grid renewable energy system for a health clinic in a South African
village addresses SDG 7, emphasizing affordable and clean energy for
healthcare, ultimately contributing to SDG 3, promoting good health
and well-being. Hospitals often rely on backup generators, which are not
always the most efficient. Hirwa et al., (2023) investigated how to
improve electricity availability for a hospital in South Africa, where
power cuts are common. Their solution ensures the hospital stays
powered even during outages, showing the importance of including
renewable energy in smart energy planning for essential places like
hospitals (see also (Lagrange et al., 2020; Vega Cotto and Lee, 2017).

Educational institutions can utilize microgrids powered by solar
energy to reduce electricity costs and environmental impact. Akindeji
et al., (2019) proposed utilizing solar energy to establish self-sustaining
microgrids for university campuses, aiming to reduce electricity costs,
enhance reliability, and lower carbon footprints. In the same vein,
Alshehri et al., (2023) analyzed a hybrid microgrid design for King Saud
University, leveraging solar and wind energy. The proposed design
achieved over 82 % renewable penetration while minimizing energy
costs, net present costs, operational costs, and greenhouse gas emissions.
By emphasizing solar energy utilization for university campuses, there’s
a direct alignment with SDG 7, which advocates for ensuring access to
affordable, reliable, and sustainable energy for all. Additionally, the
innovative approach to designing and implementing these microgrid
solutions signifies progress towards SDG 9, which promotes developing
resilient infrastructure and advancing sustainable industrialization and
innovation. Moreover, by enhancing the sustainability and reliability of
university campuses through such renewable energy integrations, ef-
forts are made in line with SDG 11, aiming to foster inclusive, safe,
resilient, and sustainable cities and communities. Lastly, the emphasis
on reducing carbon footprints and greenhouse gas emissions through
these initiatives resonates with the objectives of SDG 13, emphasizing
the urgent need for global climate action.

Various studies underscore solar and wind microgrids’ trans-
formative potential in enhancing food security, water access, and energy
reliability in diverse regions from La Guajira, Colombia, to the Arctic
and Palestine. Granit, (2022) examined the impact of small-scale
renewable energy on indigenous communities in La Guajira,
Colombia. The study showed that solar microgrids improve water and
food access but contribute to groundwater depletion, posing a signifi-
cant trade-off in arid regions and increasing the risk of exhausting local
aquifers. In corroborating the positive impacts of microgrid renewable
energy on food security, Chamberlin et al.,( (2021) assessed the inter-
connected food, energy, and water (FEW) systems in remote Alaskan
communities. Their results suggested a significant potential for renew-
able energy integration to enhance FEW securities. Furthermore, Ibrik,
(2020) examined the impact of micro-grid solar photovoltaic (PV) sys-
tems on electrification and rural development areas in the West Bank,
Palestine. The authors illustrate the energy-water-food nexus, showing
that as PV costs decline, social services and water supply are enhanced,
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and agriculture is boosted, leading to improved food security. Her et al.,
(2021) demonstrated that a 100 kW Wind Energy Solution 32 turbine is
optimal for a rural Arctic community, achieving a 16.7 % capacity factor
and $1.15/kWh LCOE (Kilowatt Hour Levelized Cost of Energy). Despite
challenges in wind intermittency, the authors showed that dispatchable
loads effectively accommodate fluctuations, leading to improved food,
water, and energy security. Additionally, Farthing et al., (2023) esti-
mated energy demand of 16.8 TWh/yr for various agricultural purposes
in Sub-Saharan Africa. Their analysis showed that integrating microgrid
designs in Kenya and Zambia minimizes energy costs and improves rural
electrification.

Hassan et al., (2022) model a hybrid renewable energy system for a
rural community in Bangladesh, incorporating solar PV, wind,
micro-hydro, biogas, and battery technologies. Key indicators of their
model performance included job creation, energy cost, and emissions.
Their model achieved a $0.126/kWh cost, emitted 60,116 kg CO2-eq/yr
(Carbon Dioxide Equivalent per Year), and generated 0.7396 jobs,
effectively balancing economic, environmental, and social factors. The
model’s focus on job creation, as evidenced by the generation of 0.7396
jobs, underscores its contribution to SDG 8, which promotes sustained,
inclusive, and sustainable economic growth, full and productive
employment, and decent work for all. Additionally, incorporating
innovative renewable energy technologies and developing infrastruc-
ture for a rural community align with SDG 9’s objectives of building
resilient infrastructure.

4.1.2. Economic outcomes

This section studies the economic outcomes of renewable energy
microgrid systems. Wind power, combined with some solar photovoltaic
capacity, as well as the potential for hydrogen, are considered in many of
the studies. He et al., (2018) showed that renewable energy microgrids
could meet at least 90 % of the community’s electricity needs with
47-100 % from renewable energy (RE) sources. Their study showed that
a microgrid system could save up to 57 % in net costs compared to
relying entirely on external grids. Adefarati and Bansal, (2019) evalu-
ated the reliability, economic benefits, and environmental impact of
renewable energy resources in a microgrid system for rural electrifica-
tion, hence addressing SDG 7. The results of their study demonstrated
the optimal feasibility of green technologies, showcasing significant
reductions in lifecycle cost, energy cost, greenhouse gas emissions, and
annual load loss costs compared to conventional systems (see also
Adefarati and Bansal, 2017).

Anderson et al., (2022) assessed the costs and benefits of microgrids,
incorporating factors like utility bill savings, resilience, public health,
and job creation, contributing to SDG 3 (Good Health and Well-being)
and SDG 8 (Decent Work and Economic Growth). Evaluating three
case studies, their study revealed that greater renewable integration can
reduce emissions and diesel use by 52-82 %. Their findings underscore
the significant capital expenses associated with microgrid deployment,
highlighting the necessity for innovative financing mechanisms to
facilitate broader implementation.

The economic performance of 24 global microgrids was evaluated in
a study by Wang et al., (2020), who concluded that renewable energy
microgrids require higher investment and operating costs than tradi-
tional energy sources. The study recommends that government invest-
ment policies foster a sustainable renewable energy microgrid market,
potentially complementing production-based policies. An interesting
comparison of microgrid and traditional generation was carried out in
Israel by Parag and Ainspan (2019), who highlighted that savings in
using microgrid energy exceeded $13 million annually. Moreover, they
show that microgrids could be a cost-effective alternative to
central-station generation when considering reliability and deferral of
transmission and distribution investments, aligning with SDG 9 and 13.
The potential for a microgrid within a university campus employing the
Microgrid Decision Support Tool (MDSTool) was investigated by Husein
and Chung (2018)Based on a case study from Seoul National University,
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the study showed that incentives like renewable energy benefits and tax
advantages influence the financial feasibility of microgrids.

4.1.3. Environmental outcomes

Dawood et al., (2020) assessed the feasibility of using
hydrogen-based energy storage in stand-alone microgrids for remote
communities by analyzing energy balance, cost, and environmental
impact. Results indicate the hydrogen-battery hybrid system as the most
cost-effective, offering sustainable electrification solutions with reduced
carbon footprint for remote areas. In highlighting the effects of micro-
grids on water, Merabet, et al., (2023) assessed the environmental ef-
fects of three optimized hybrid renewable energy systems (HRES) for
Sea Water Reverse Osmosis Desalination (SWROD). This aligns with
SDG 6, which focuses on clean water and sanitation by ensuring sus-
tainable desalination processes. Their results indicated that SWROD
integrated with wind turbine/battery causes significantly less environ-
mental damage than solar-based systems compared to fossil-based
desalination.

4.1.4. Energy poverty

N. M. Kumar et al., (2020) investigated India’s conventional power
system challenges and proposed a Hybrid Renewable Energy Microgrid
(HREM) for a South Indian community. They suggested using a mix of
solar, wind, and batteries for a community in South India. Their research
showed that a combination of solar panels, a diesel generator, and
batteries offered the most efficient and sustainable energy solution for
households, aligning with SDG7 and thus offering a modern and acces-
sible energy solution for households. India’s electrified rural areas face
growing power demands due to industrial growth and rising living
standards, straining the national grid. To address this, India is tran-
sitioning to renewable-based micro-grids. (Magbool et al., 2020) pro-
posed a PV-Biomass-Grid micro-grid system for Kashmir, leveraging
local renewable resources. Prioritizing energy efficiency and
cost-effectiveness, excess energy is supplied to the grid, aiming to
enhance sustainability and reduce environmental impact.

Merabet et al., (2023) underscored the vulnerability of conventional
power generation to uncertainties like the COVID-19 pandemic and
geopolitical conflicts, emphasizing the unsustainability of energy secu-
rity. The authors argue that Green microgrids, offer carbon-free power
and emerge as resilient alternatives, less susceptible to political de-
cisions and foreign energy dependency. Despite challenges like reli-
ability and cost, reduced construction expenses and technological
advancements drive their widespread deployment.

4.2. Potential barriers and challenges associated with the adoption and
scalability of small-scale renewable energy microgrids, policy frameworks,
and technological, social, and environmental solutions

Table 4 offers a multidimensional perspective on the challenges and
solutions associated with small-scale renewable energy microgrids. This
integrated framework underscores the interconnectedness of social,
technological, economic, and environmental factors, emphasizing the
need for a collaborative, adaptive, and context-specific approach to
microgrid development. By aligning policy measures, technological
advancements, social engagement strategies, and environmental stew-
ardship principles, stakeholders can navigate complexities, leverage
synergies, and unlock the full potential of small-scale renewable energy
microgrids to foster sustainable development, resilience, and well-being
in communities worldwide.

The table identifies initial costs as a significant barrier to microgrid
deployment. Policy measures such as government subsidies, low-interest
loans, and tax incentives can alleviate these financial burdens. Tech-
nological solutions like developing cost-effective renewable energy
components, modular design for scalability, and integrating smart grid
technologies further mitigate costs. Social solutions include community-
based fundraising initiatives, shared ownership models, and financial
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Table 4

Policy frameworks and technological, social and environmental innovations.
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Main Barrier/
Challenge

Policy Frameworks

Technological Innovations

Social Dimension Solutions

Environmental Solutions

Initial Costs

Technical
complexities

Regulatory
hurdles

Social
acceptance and
cultural barriers

Government subsidies for
microgrid setups (Benalcazar
et al., 2020; Xu and Long, 2019)

Low-interest loans

/Microcredit for community
projects(Robert et al., 2021)
Tax incentives for renewable
energy investments (
Garcia-Garcia et al., 2023; Milis
et al., 2018)

Training programs for local
technicians (Holdmann et al.,
2019; Nfah and Ngundam, 2012;
Sencan, 2012)

Collaboration and partnerships
for technical support (Bellido

et al., 2018; Neri et al., 2023;
Wolsink, 2020)

Incentives for microgrid
designing and monitoring (
Ahmed et al., 2023; Jung and
Villaran, 2017; Keyhani, 2016;
Rizvi and Abu-Siada, 2023)
Public-private partnerships (
Lenhart and Aratjo, 2021;
Williams et al., 2015)

Community consultations and
participatory decision-making (
Babayomi et al., 2023; Come
Zebra et al., 2021; Luangchosiri
et al., 2021)

Development of cost-effective
renewable energy components (
Lehmann and Soderholm, 2018;
Patel and Singal, 2019; Tetteh

et al., 2021)

Modular design for scalability (Lin
et al., 2014)

Integration of smart grid
technologies (Kataray et al., 2023)

User-friendly interface and
monitoring systems (Chien et al.,
2016; Gonzalez et al., 2021;
Portalo et al., 2021)

Advanced grid management
software (Parvizimosaed et al.,
2013; Pradhan et al., 2017; Worku
et al., 2019)

Adaptive regulatory frameworks (
Berizzi et al., 2019; de la Hoz

et al., 2023; Islami et al., 2021;
Wouters, 2015)

Integration of microgrid-friendly
policies (Azeem et al., 2021)

Collaboration with community
leaders and influencers (Peters
et al., 2019; Peters and Sievert,
2016)

Community-based fundraising
initiatives e.g cooperatives(Bhola
et al., 2023; Dauenhauer et al., 2020)

Shared ownership models (Berka and
Creamer, 2018; Chun, 2023; Kirchhoff
et al., 2016; Klein and Coffey, 2016)
Financial literacy and empowerment
programs (Eales et al., 2018;
Vanadzina et al., 2019)

Capacity-building and skills
development for community
engagement (Sheikh et al., 2019)

Multi-stakeholder engagement
initiatives (Alvial-Palavicino et al.,
2011; Bird and Hotaling, 2017;
Soshinskaya et al., 2014)

Community advocacy and lobbying (
Muttagee et al., 2023; Nathan et al.,
2022; Perez-DeLaMora et al., 2021)

Transparent and accessible regulatory
processes (Barcelo et al., 2023; Berizzi
et al., 2019; Inés et al., 2020)

Respect for indigenous rights and
traditional knowledge (Granit, 2022;
Grosse and Mark, 2023; Karanasios
and Parker, 2018; Schatz and Musilek,
2020)

Use of eco-friendly materials in microgrid
components

Implementation of energy-efficient
practices in operations (Javaid et al.,
2018)

Adoption of renewable materials in
infrastructure

Integration of energy storage for
optimized efficiency (Eghtedarpour and
Farjah, 2012; Tooryan et al., 2020; Wilson
et al., 2012; Zheng et al., 2018)
Implementation of waste management and
recycling programs (Javid et al., 2019; N.
M. Kumar, Chopra, and Rajput, 2020;
Muteri et al., 2020; Peng et al., 2013;
Sherwani et al., 2010)

Adoption of sustainable procurement
practices (Fang et al., 2020; Wade et al.,
2018)

Implementation of biodiversity
conservation measures (Dhunny et al.,
2019; Gasparatos et al., 2017; Gove et al.,
2016; Popescu et al., 2020)
Environmental impact assessments and
implementation of ecosystem restoration
initiatives (Kamal et al., 2022;
Perez-DeLaMora et al., 2021; Smith et al.,
2015)

Source: Authors elaboration

literacy programs, while environmental measures advocate for using
eco-friendly materials and energy-efficient practices in microgrid
operations.

Addressing technical complexities involves implementing training
programs for local technicians, user-friendly interfaces and monitoring
systems, and advanced grid management software. Capacity-building,
skills development initiatives, collaborations, and partnerships for
technical support are crucial for maintaining technical robustness.
Environmental solutions such as waste management and recycling
programs are also highlighted to manage the ecological impact of
technical operations.

Regulatory hurdles present another significant challenge. Adaptive
regulatory frameworks, public-private partnerships, and transparent
regulatory processes are essential for facilitating microgrid adoption.
Policy incentives for microgrid design and monitoring can streamline
regulatory compliance, while community advocacy and lobbying play a
vital role in shaping favorable regulatory landscapes. Implementing
sustainable procurement practices and biodiversity conservation mea-
sures ensures regulatory compliance aligns with environmental
sustainability.

Social acceptance and cultural barriers are addressed through com-
munity consultations, participatory decision-making, and collaboration
with community leaders and influencers. Respecting indigenous rights
and traditional knowledge is crucial in making microgrid projects
culturally relevant and acceptable. Environmental impact assessments
and ecosystem restoration initiatives help align microgrid development
with ecological sustainability goals.

4.2.1. Policy frameworks
Policy interventions can be enacted to mitigate the barriers and
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challenges associated with small-scale renewable energy microgrids.
Lehmann and Soderholm, (2018) highlighted the heterogeneous nature
of market failures across various renewable technologies and empha-
sized the importance of carefully designed policies. Policy measures
must be carefully selected to align with the unique needs and contexts of
the identified barriers. For example, the provision of government sub-
sidies can significantly reduce the upfront costs of microgrid in-
stallations, thereby encouraging more communities to adopt renewable
energy solutions. Xu and Long, (2019) examined government subsidies
for microgrids, emphasizing their importance in promoting renewable
energy. The study finds that government intervention can address un-
derinvestment in microgrid capacity, benefiting both microgrids and
network operators. Similarly, offering low-interest loans and tax in-
centives can further incentivize private investments and stimulate eco-
nomic growth in the renewable energy sector. These policy frameworks
not only alleviate financial constraints but also create an enabling
environment for innovation, collaboration, and sustainable develop-
ment. Benalcazar et al., (2020) assessed governmental financial in-
terventions on a microgrid design for rural areas. They indicated that
over 30 % of capital subsidies can reduce the levelized cost of electricity
to under $0.2/kWh, promoting microgrid adoption. Subsidies favoring
PV systems influence microgrid structures, while wind tech’s expansion
is hindered by diesel subsidies, even if cost-effective.

Some studies have compared the effectiveness of tax incentives in
promoting renewable energy and informing global microgrid develop-
ment strategies. For example Garcia-Garcia et al., (2023) examined the
financial impact of tax incentives, including Income Tax Deduction,
Accelerated Depreciation, VAT Exemption, and Customs Duty Exemp-
tion on microgrid projects in Colombia.
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4.2.2. Technological innovations

In the face of technical complexities and operational challenges,
technological innovations emerge as critical enablers for successfully
deploying and managing small-scale renewable energy microgrids. User-
friendly interfaces and monitoring systems empower local communities
to actively participate in energy management actively, fostering a sense
of ownership and engagement (Gonzalez et al., 2021; Portalo et al.,
2021). Advanced grid management software and adaptive regulatory
frameworks ensure seamless integration, efficient resource allocation,
and compliance with evolving industry standards. These technical in-
novations are not without challenges; for example, technical expertise is
required to maintain the renewable energy microgrids after project
installation in many rural areas. In the same frame of mind, Nfah and
Ngundam (2012) underscored that in developing nations, renewable
energy equipment is sourced from more advanced economies, present-
ing a challenge due to a scarcity of proficient technicians and engineers
locally maintaining the grid.

Technical challenges such as dispatchability, variability, scalability,
energy storage, geographic constraints, and investment costs need
addressing for the effective integration of renewable energy into the
energy mix (Tran and Smith, 2017). Therefore it is necessary to deter-
mine optimal components based on cost and system reliability contri-
butions (Patel and Singal, 2019). In addressing microgrids’ reliability
and security challenges, a modular concept can be adopted to enhance
reliability and scalability. (Lin et al., 2014) examined microgrid archi-
tecture elements and proposed a modular, user-centric design concept,
advocating for a unified management approach to optimize microgrid
systems.

4.2.3. Social dimension solutions

The advancement of smart grid technology is crucial for the
continued deployment of renewables. However, there’s a persistent
tendency to overlook social determinants. Recognizing that technolog-
ical and financial barriers often intertwine with social factors, the pro-
posed solutions aim to foster community engagement, inclusivity, and
empowerment (see Table 4). This oversight can lead to severe conse-
quences: the effectiveness of smart grids in promoting renewables de-
pends on the active involvement of stakeholders (Wolsink, 2012).
Exploring the social dynamics involved in constructing smart electricity
grids is important.

Multi-stakeholder engagement initiatives can facilitate knowledge
exchange, skill development, and collaborative decision-making,
enhancing local expertise and ownership of microgrid projects. Cul-
tural sensitivity, respect for indigenous rights, and inclusive planning
ensure that microgrid initiatives resonate with diverse community
members’ values, aspirations, and needs. For example, Schatz and
Musilek, (2020) highlighted that it is invaluable to empowering Indig-
enous communities in the renewable energy sector through ownership,
and understanding their unique challenges holds significant potential
for advancing sustainable energy practices. In the same vein Babayomi
et al., (2023) asserted that the lack of community buy-in, manifested
through conflicts over project location and community contributions,
can result in reduced community participation and failure of
community-owned projects.

4.2.4. Environmental solutions

Integrating environmental solutions underscores the necessity of
aligning microgrid development with ecological sustainability and
climate resilience goals. Environmental barriers, such as resource
depletion, habitat destruction, and carbon emissions, necessitate pro-
active measures to minimize negative impacts and enhance environ-
mental stewardship. Strategies such as adopting eco-friendly materials,
implementing energy-efficient practices, and integrating sustainable
design principles can mitigate environmental footprints and contribute
to biodiversity conservation (Dhunny et al., 2019; Gasparatos et al.,
2017). Moreover, incorporating environmental impact assessments,
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ecosystem restoration initiatives and carbon offset programs un-
derscores a holistic approach to sustainability, where microgrid projects
provide clean energy and contribute to ecosystem health, natural
resource conservation, and climate change mitigation (Kamal et al.,
2022; Perez-DeLaMora et al., 2021).

4.3. Financial models and local economic conditions influencing
microgrid adoption

One of the critical factors influencing the adoption and scalability of
renewable energy microgrids is the financial feasibility and local eco-
nomic context. While this study highlights the positive socio-economic
impacts and alignment with Sustainable Development Goals (SDGs),
addressing the context-specific financial barriers that may impact
microgrid deployment is important. The financial feasibility of micro-
grids often hinges on the availability of capital and the economic con-
ditions of the target community. Initial capital costs are a significant
barrier, particularly in underserved or economically disadvantaged re-
gions. Various financial models have been explored to mitigate these
costs, including subsidies, low-interest loans, public-private partner-
ships, and community-based funding initiatives.

Government subsidies play a crucial role in making microgrid pro-
jects financially viable. For instance, subsidies can offset the high initial
capital expenditures, making it more feasible for communities to invest
in microgrid infrastructure (Benalcazar et al., 2020). These subsidies can
come in various forms, such as direct financial aid, tax incentives, or
grants promoting renewable energy projects (Lehmann & Soderholm,
2018). Low-interest loans and microcredit schemes also provide finan-
cial support, enabling communities to manage the upfront costs of
microgrid installations (Robert et al., 2021). Microcredit institutions can
offer tailored financial products that cater to the specific needs of rural
or low-income communities, thereby facilitating the adoption of
microgrid technologies (Xu and Long, 2019).

Public-private partnerships (PPPs) can leverage private sector in-
vestment alongside government funding, distributing the financial risk
and enabling larger-scale implementations. These partnerships often
include provisions for shared ownership, revenue-sharing agreements,
and long-term maintenance contracts, ensuring the sustainability and
operational efficiency of the microgrids (Williams et al., 2015).
Community-based financial models, such as cooperatives or crowd-
funding platforms, empower local stakeholders by giving them a vested
interest in the microgrid project’s success (Berka and Creamer, 2018).
Shared ownership models enhance financial viability and promote social
cohesion and local engagement. Successful examples include energy
cooperatives in regions like Denmark, where community members
collectively invest in and benefit from renewable energy systems (Chun,
2023).

Local economic conditions significantly influence microgrid adop-
tion. Factors such as the average household income, employment rates,
and energy expenditures determine the community’s capacity to invest
in new technologies. Tailoring financial models to the local economic
context is essential for ensuring adoption and sustainability. For
instance, pay-as-you-go (PAYG) models have shown promise in regions
with irregular income patterns, allowing households to pay for energy
services based on their consumption and financial capability
(Montoya-Duque et al., 2022).

4.4. Technical complexities and innovative technological solutions and
case studies

The study identifies various technical complexities associated with
renewable energy microgrids, such as maintenance and operational
stability. However, numerous innovative technological solutions and
successful case studies illustrate how these challenges can be effectively
mitigated. Below are some of the most promising technological ad-
vancements and examples that demonstrate their usage.



P. Tamasiga et al.

First, the modular design concept can enhance microgrid scalability
and reliability. Lin et al. (2014) proposed that a modular, user-centric
design incorporates standardized, interchangeable components that
simplify the expansion and maintenance of microgrid systems. Second,
advanced grid management software can optimize energy distribution
and enhance the operational stability of microgrids. Pradhan et al.
(2017) demonstrated that real-time monitoring and control systems
facilitate efficient resource allocation and improve grid resilience. Third,
energy storage integration, such as batteries and hydrogen storage, can
significantly enhance microgrid reliability. Eghtedarpour and Farjah
(2012) highlighted the benefits of a hybrid energy storage system in
stabilizing energy supply and accommodating the intermittent nature of
renewable energy sources. Fourth, renewable energy monitoring sys-
tems that utilize IoT and smart sensors provide real-time data on
microgrid performance, which can be used to predict and prevent
technical issues. Chien et al. (2016) discussed a user-friendly interface
for monitoring microgrid systems, which is critical for local technicians.

4.5. Successful case studies

Ayodele et al. (2021) demonstrated the successful implementation of
an off-grid renewable energy system for a rural health clinic in South
Africa. By integrating solar PV, wind turbines, and hydrogen storage, the
system met the clinic’s energy needs, improving the reliability of
healthcare delivery in remote areas. In another example, Chamberlin
et al. (2021) assessed the integration of renewable energy in remote
Alaskan communities, focusing on the food-energy-water nexus. Their
study showcased significant improvements in food security and energy
reliability, facilitated by innovative microgrid technologies.

Ibrik (2020) examined the impact of micro-grid solar photovoltaic
(PV) systems on rural development in the West Bank, Palestine. The
deployment of PV systems enhanced energy access, water supply, and
agricultural productivity, demonstrating the effective resolution of
technical challenges through renewable microgrids. Aga et al. (2023)
presented a case study on hybrid renewable energy-based off-grid
technology in a rural Ethiopian community. Integrating various
renewable energy sources, the system provided a sustainable electrifi-
cation solution, overcoming operational complexities and ensuring a
stable energy supply.

In conclusion, innovative technological solutions and successful case
studies demonstrate that technical complexities in microgrid deploy-
ment can be effectively managed. Advanced grid management, modular
designs, energy storage integration, and real-time monitoring systems
are crucial in enhancing microgrid reliability and operational stability.

5. Conclusion and policy recommendations

This systematic review has provided an analysis of the impact of
small-scale renewable energy microgrids on socio-economic outcomes,
energy poverty, and their alignment with Sustainable Development
Goals (SDGs). The study highlighted that microgrids significantly
enhance socio-economic dimensions such as inequality, distributional
impacts, poverty alleviation, livelihoods, firm productivity, food secu-
rity, job creation, education, and access to affordable and stable elec-
tricity. The review also underscored the critical role of microgrids in
advancing SDG 7 (Affordable and Clean Energy), SDG 8 (Decent Work
and Economic Growth), SDG 9 (Industry, Innovation, and Infrastruc-
ture), SDG 11 (Sustainable Cities and Communities), SDG 13 (Climate
Action), and SDG 15 (Life on Land).

The research identified several barriers and challenges in the adop-
tion and scalability of microgrids, including high initial costs, regulatory
hurdles, cultural barriers, and technical complexities. The study presents
an integrated framework that offers a multidimensional approach to
overcoming these challenges, emphasizing the interconnectedness of
social, technological, economic, and environmental dimensions. Unlike
in past studies, this systematic review elevated the role of social
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solutions in the integration of renewable energy microgrids. The social
dimension considerations included shared ownership models of the
microgrids, community consultations, participatory decision-making,
and taking cognizance of indigenous knowledge systems in renewable
energy. Based on the findings, it is evident that policy interventions,
technological innovations, and community engagement play important
roles in successfully deploying and managing microgrids.

Following an examination of the impacts of small-scale renewable
energy microgrids on socio-economic outcomes and energy poverty, the
paper suggests several policy recommendations: (i) Public-private
partnerships can leverage private sector investment alongside govern-
ment funding. For instance, initiatives like the Sustainable Energy Fund
for Africa (SEFA) can be expanded to support more microgrid projects;
(ii) Finance can be mobilized through innovative financial instruments
such as green bonds and crowdfunding platforms. For example,
community-owned solar farms can be crowdfunded to build community-
owned renewable energy systems; (iii) governments should formulate
policies that encourage the adoption of renewable energy microgrids.
This includes subsidies, tax incentives, considerations for integration
into biodiversity and environmental assessment policies, and stream-
lined regulatory processes that are specific to different sectoral needs.
For example, simplifying the regulatory approval process for microgrid
projects can be done through a one-stop-shop approach like the Clean
Energy Regulator in Australia, which reduces bureaucratic hurdles and
expedites project implementation; (iv) Ongoing research and develop-
ment in renewable energy technologies can lead to more efficient and
cost-effective solutions, further enhancing the viability of microgrids.
For example, programs similar to the U.S. Department of Energy’s
ARPA-E (Advanced Research Projects Agency-Energy) can focus spe-
cifically on microgrid technology. Furthermore, pilot projects can be
developed in different geographic and socio-economic contexts to
evaluate the effectiveness and scalability of microgrid solutions. For
instance, the Green Mini-Grid Facility in Africa supports such initiatives;
(v) Governments of developing countries should set up technical
capacity-building programs that will enable local expertise to maintain
the micro-grids that are often exported from developed countries.
Technical capacity building can be implemented through vocational
training and certification programs for local technicians and engineers,
similar to Germany’s Renewable Energy Training Program. This can
ensure the availability of skilled labor to maintain and operate microgrid
systems; (vi) Active participation of the community in the planning and
implementation of microgrid projects ensures their alignment with local
needs and increases the likelihood of successful adoption. Moreover,
conducting awareness campaigns will educate communities about the
benefits and operations of microgrids.

Future research in small-scale renewable energy microgrids should
focus on enhancing resilience and adaptation strategies, exploring
innovative business models for financial sustainability, and investi-
gating the integration of smart grid technologies to optimize operations.
Additionally, cross-sectoral impact assessments are crucial for under-
standing the broader socio-economic and environmental implications,
while research into effective policy and regulatory frameworks is
essential to support successful microgrid deployment. Research on
human-centric design principles that integrate indigenous knowledge
systems could also explore the extent to which microgrid projects are
socially and environmentally inclusive.

This study is not without limitations. First, the study relies on liter-
ature from well-known databases such as Scopus and Web of Science,
which may inherently omit relevant studies from other databases. This
could lead to a selection bias that skews the findings toward more widely
recognized research. Future research studies should include other da-
tabases such as Dimensions, PubMed and Google Scholar. Second, the
review exclusively considered studies published in English, potentially
overlooking significant research published in other languages. This
language limitation might exclude valuable insights from non-English-
speaking regions, which could offer unique perspectives on microgrid



P. Tamasiga et al.

implementation in various socio-economic and cultural contexts.
Finally, microgrid projects often face context-specific challenges that
vary widely by region. The review might not fully capture these local-
ized challenges, making it difficult to apply some findings universally.
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